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ABSTRACT

Objectives:  Compare the morphologic, laboratory, and 
clinical features of asymptomatic and symptomatic 
Castleman disease in the pediatric population.

Methods:  We reviewed clinical records and histopathology 
of patients with Castleman disease from 2 pediatric 
institutions.

Results:  Of 39 patients with pediatric Castleman disease, 
37 had unicentric disease, all classified with the hyaline 
vascular variant of Castleman disease, 8 of which were 
clinically symptomatic. These 8 patients demonstrated 
abnormal laboratory findings, including microcytic 
anemia, elevated erythrocyte sedimentation rate and 
C-reactive protein, and hypoalbuminemia. In addition, 
histopathologic evaluation showed that the 8 symptomatic 
cases had more hyperplastic germinal centers, fewer 
atrophic or regressed germinal centers, fewer mantle zones 
containing multiple germinal centers, reduced “onion 
skinning” of mantle zones, and fewer “lollipop” formations 
compared with the asymptomatic cases.

Conclusions:  This series of pediatric Castleman disease 
showed that lymph nodes from asymptomatic patients 
generally demonstrated the more classic hyaline vascular 
histology, whereas those with symptoms could lack or have 
only focal classic findings. As such, reactive lymph nodes 
with subtle Castleman-like features should prompt clinical 
correlation to ensure proper diagnosis.

Castleman disease (CD), previously called angiomatous 
lymphoid hamartoma and angiofollicular lymph node 
hyperplasia, is a lymphoproliferative disorder that is un-
common in the pediatric population. Clinically, it is divided 
into localized (unicentric CD [UCD]) and multicentric CD 
(MCD) disease. UCD is defined as a single lymph node 
or multiple lymph nodes within a single region; most pa-
tients present asymptomatically or with symptoms relating 
to mass effect. A small percentage of patients have inflam-
matory findings that usually disappear with complete sur-
gical excision.1-7 MCD involves lymph nodes in 2 or more 
regions and commonly presents with systemic symptoms 
including fever, weight loss, and fatigue, with laboratory 
values identifying anemia, hypergammaglobulinemia, 
hypoalbuminemia, elevated erythrocyte sedimentation 
rate (ESR), elevated C-reactive protein (CRP), and ele-
vated interleukin-6 (IL-6).1,2,4,5,8-10 MCD is further classi-
fied as HHV-8–associated disease and HHV-8–negative 
idiopathic MCD (iMCD); the former is further delineated 
as HIV-positive or HIV-negative disease.9-13 Diagnostic cri-
teria for iMCD include both laboratory and clinical abnor-
malities, histologic features, and exclusion of other possible 
coexisting disorders that can mimic MCD.11 A  clinically 
distinctive variant form of iMCD was recently described: 
TAFRO syndrome is defined as thrombocytopenia, 
anasarca, fever, reticulin fibrosis of the bone marrow, and 
organomegaly, although in some instances the R represents 
renal dysfunction.14-16

The gold standard for diagnosis is histologic examina-
tion of a lymph node.7 Pathologically, CD is divided into 
the hyaline vascular (HV), plasma cell (PC), and mixed 
subtypes.5,12,17,18 HV features account for the majority of 
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unicentric cases, ranging from 74.4% to 92.5% in large se-
ries of pediatric and adult patients.1,10,17,19 The HV form 
of CD is characterized by numerous regressed follicles 
with increased hyaline deposition. “Onion skinning” 
of concentric mantle  zone lymphocytes may be present 
around germinal centers. Mantle zones may encompass 
multiple germinal centers. The interfollicular areas are 
notable for small mature lymphocytes with increased 
vascularity. Many of the vessels are hyalinized and occa-
sionally penetrate the mantle zones of regressed follicles, 
creating a “lollipop” appearance. The PC subtype of CD 
has pathology demonstrating reactive germinal centers 
with abundant interfollicular plasma cells. HHV-8–asso-
ciated MCD demonstrates increased interfollicular vascu-
larity, reactive germinal centers, and variable numbers of 
plasmablasts within the mantle zones that express HHV-8 
by immunohistochemistry.9,13,20 In iMCD, an HV-like 
“hypervascular” histology is identified in 21%  to  41% 
of cases, whereas PC/plasmacytic and mixed forms are 
present in 32% to 44% and 27% to 39% of cases, respec-
tively.8,11 TAFRO usually demonstrates a mixed histology 
with atrophic germinal centers, increased vasculature, and 
variable numbers of plasma cells.14,15,21,22

Based on our experience in the pediatric population, 
we hypothesized that the histopathology of symptomatic 
and asymptomatic UCD differ, often with the sympto-
matic forms having “less characteristic” features of the 
disease, presenting a diagnostic challenge. Consequently, 
in the current study, we systematically addressed the 
histopathologic differences between symptomatic vs 
asymptomatic forms of pediatric CD. Further explora-
tion of this pathology may help determine which patients 
may eventually need additional therapy if  their symptoms 
do not fully resolve on excision.

Methods and Materials

With institutional review board approval and waiver 
of consent, pathology databases from our institutions 
were queried for lymph nodes with a diagnosis of CD 
or Castleman-like features from 1980 to 2018. All cases 
were reviewed, and only cases of CD were selected for this 
study. Medical records were reviewed for demographics, 
clinical features, laboratory values, treatment, and out-
come. Age, sex, presentation signs and/or symptoms, 
physical findings, length of symptoms to diagnosis, and 
any underlying immunodeficiency were recorded. The 
location(s) of lymphadenopathy, size, and largest dimen-
sion were noted. Surgical excision vs biopsy, treatment, 
disease evolution, recovery, and length of follow-up 
were also documented. Laboratory values including 

hemoglobin, mean corpuscular volume (MCV), WBC 
count, platelet count, ESR, CRP, albumin, IgG level, and 
IL-6 levels were recorded.

Blinded to the presence or absence of symp-
toms or abnormal laboratory findings, both patholo-
gists reviewed H&E-stained slides and any available 
immunohistochemical stained slides and categorized the 
cases as morphologic HV disease, mixed, or PC variant 
CD. The following morphologic features were scored in 
a binary fashion as present (1) or absent (0): hyperplastic 
germinal centers, cauliflower floret germinal center rem-
nants, lollipop formations, arborizing mantle vascular 
proliferation, interfollicular histiocyte proliferation, 
interfollicular fibrosis, perinodal fibrosis, and atypical fol-
licular dendritic cells. The following morphologic features 
were scored semiquantitatively as 0 to 3 (0 = absent, 0%; 
1 = mild amounts, <10%; 2 = moderate amounts, 10%-
30%; and 3 = present in abundance, ≥30%): atrophic/re-
gressed germinal centers, multiple germinal centers per 
mantle zone, onion skinning, interfollicular vascular pro-
liferation, and interfollicular plasma cell proliferation. 
The categories of atrophic or regressed germinal centers, 
lollipop formation, arborizing mantle zone vasculature, 
interfollicular vascular proliferation, interfollicular fi-
brosis, and perinodal fibrosis all included hyalinization. 
Statistics were performed using the Student t test for con-
tinuous variables and Fisher exact test for categorical 
variables (GraphPad Software).

Results

CD Classification

A total of 39 patients with a clinical-pathologic di-
agnosis of CD were included in this study. Chart review 
demonstrated that 37 of 39 patients (95%) had UCD, 
and the remaining 2 had MCD. All UCD patients had 
HV CD on pathologic exam. Of those 37 patients, 29 
were completely asymptomatic, presenting with only an 
enlarging mass, usually peripherally in the neck, axilla, or 
chest wall, or with an incidentally identified mass. Two 
patients presented with symptoms related to mass effect, 
one with cough and shortness of breath due to a medi-
astinal mass and another with abdominal pain caused 
by obstruction by an enlarged lymph node in the mesen-
tery near the ileocecal vale. However, the remaining 6 pa-
tients with HV UCD had more systemic symptoms. Both 
MCD patients had symptomatic disease. One patient 
with MCD pathologically demonstrated the plasmacytic 
variant, lacked HHV-8 staining, and was classified as 
iMCD. The other patient was originally diagnosed in 
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2002 and would meet the criteria for TAFRO syndrome,14 
demonstrating all 5 symptoms (thrombocytopenia, 
anasarca, fever, reticulin fibrosis, and organomegaly), lack 
of hypergammaglobulinemia, diffuse but small volume 
lymphadenopathy, mixed HV and PC morphology, and 
hypercellular bone marrow with megakaryocyte hyper-
plasia; he also had thrombotic microangiopathy (TMA) 
leading to renal insufficiency and then renal failure. He 
was negative for HHV-8 by lytic and latent antibody 
serum testing.

Clinical Features of CD in Asymptomatic and 
Symptomatic Patients

For all patients, the male-to-female ratio was 0.625:1, 
with a median age of 12 years (range, 2 to 22 years). The 
single patient older than 18 years had been symptomatic 
for 3.5  years and was seen at a pediatric institution for 
evaluation. ❚Table 1❚ demonstrates the clinical character-
istics of the asymptomatic vs symptomatic cohorts, with 
additional categorization of UCD vs MCD in those with 
symptomatic disease. There was no significant difference 
in male-to-female ratio or ages between these groups. As 
demonstrated, 25 of 29 asymptomatic patients (86%) had 
primary disease in the neck, axilla, or chest wall, with 
only 3 patients demonstrating mediastinal disease and 
1 patient having retroperitoneal disease. The unicentric 
symptomatic patients were more likely to have involve-
ment of deeper anatomy including the small bowel mes-
entery, periportal region, and retroperitoneum, with only 

1 case in the mediastinum. The patient with TAFRO had 
diffuse lymphadenopathy, albeit with only mildly en-
larged lymph nodes (largest was 1.8 cm), whereas the pa-
tient with iMCD had mediastinal, pericardial, pulmonary 
hilar, right axillary, and supraclavicular lymphadenop-
athy. Only 1 patient with asymptomatic CD had a history 
of iatrogenic immunodeficiency due to chemotherapy, ra-
diation, and stem cell transplant for neuroblastoma. Two 
patients with symptomatic CD had known immunodefi-
ciencies, one with a common variable immune deficiency–
like disorder with hypogammaglobulinemia and chronic 
Epstein-Barr virus infection and the other with CD4+ T 
cell lymphopenia. Patients with symptomatic UCD had 
significantly longer durations of disease to diagnosis 
compared with those with asymptomatic UCD or MCD 
(P = .010). The sizes of lymph nodes or masses were also 
larger in those with unicentric and multicentric sympto-
matic disease (P = .001 and P = .015, respectively). Most 
patients with unicentric disease underwent excision, al-
though some cases had second procedures to obtain full 
excision.

❚Table 2❚ lists the symptoms and abnormal labora-
tory values in the patients with symptomatic CD com-
pared with those without symptoms. The most common 
symptoms included fever, fatigue, weight loss, and gas-
trointestinal complaints. Those with MCD were more 
likely to have night sweats than those with asymptomatic 
and symptomatic UCD (P = .002 and P = .022, respec-
tively). Laboratory values were more often abnormal 
in those with symptomatic disease. The most common 

❚Table 1❚ 
Clinical Characteristics of Patients With Asymptomatic and Symptomatic Castleman Disease

Asymptomatic UCD (n = 29)

Symptomatic

UCD (n = 8) MCD (n = 2)

Sex, male:female 11:18 2:6 2:0
Age, y, median (range) 11 (2-18) 11.5 (6-22) 13.5 (13-14)
Location of primary disease, n (%)    
  Neck/parotid 20 (69) 0 (0) 1 (50)
  Axilla 3 (10) 0 (0) 1 (50)
  Chest wall 2 (7) 0 (0) 0 (0)
  Mediastinum 3 (10) 1 (13) 1 (50)
  Small bowel mesentery 0 (0) 3 (38) 0 (0)
  Periportal 0 (0) 1 (13) 0 (0)
  Retroperitoneum 1 (3) 3 (38) 0 (0)
  Diffuse lymphadenopathy 0 (0) 0 (0) 1 (50)
Length of signs/symptoms to diagnosis, mo, median (range) 5.0 (0.13-36) 25.5 (2-72)a 7.5 (1-14)
Largest dimension of single lesion, cm, median (range) 4.0 (2.2-7) 5.0 (4.1-11)a 8.15 (1.8-14.5)a

Complete surgical excision on first surgery, No. (%) 23 (79) 4/7 (57) 0 (0)
Complete reexcision performed, No. (%) 3/6 (50) 1/3 (33) 1/2 (50)
Clinical follow-up documented, No. (%) 16 (55) 6 (75) 2 (100)
Length of follow-up, mo, median (range) 5.5 (0.75-102) 16 (8-84) 12.5 (7-18)

MCD, multicentric disease; UCD, unicentric disease; .
aSignificantly increased compared with asymptomatic patients.
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abnormal laboratory finding was a microcytic anemia 
with decreased hemoglobin level (P < .001 asympto-
matic vs all symptomatic) and MCV (P < .001 asymp-
tomatic vs all symptomatic). Additional features more 
commonly identified in symptomatic patients included 
elevated ESR, (P < .001 asymptomatic vs all sympto-
matic), elevated CRP (P = .006 asymptomatic vs all 
symptomatic), and decreased albumin (P = .002 asymp-
tomatic vs all symptomatic). Hypergammaglobulinemia 
was also identified in 3 symptomatic patients. The pa-
tient with TAFRO and multicentric disease demon-
strated thrombocytopenia, normal immunoglobulin 
levels, and no elevation of IL-6.

Of the 6 patients with symptomatic UCD and clinical 
follow-up, 2 had resolution of symptoms within 2 months of 
complete excision and another within 7.5 months of full ex-
cision. A patient with a mediastinal mass had a biopsy only, 
and her lesion remained stable with symptoms over the fol-
lowing 20 months. One 10-year-old girl with joint pain and 
swelling, fevers, abdominal pain, and anemia underwent an 
excisional biopsy with resolution of abdominal pain within 
1  month; normalization of hemoglobin, ESR, and IgG 
within 20 months; normalization of CRP within 31 months; 
and normalization of MCV within 54 months. The most se-
verely affected patient with UCD developed paraneoplastic 
pemphigus with oral and genital ulcers, skin eruptions, and 

❚Table 2❚ 
Symptoms and Laboratory Values of Patients With Asymptomatic and Symptomatic Castleman Disease

Asymptomatic UCD (n = 29)

Symptomatic

UCD (n = 8) MCD (n = 2)

Symptoms
  Fever 0/29 (0) 3/8 (38)a 2/2 (100)a

  Fatigue 0/29 (0) 2/8 (25)a 2/2 (100)a

  Failure to thrive/weight loss 0/29 (0) 3/8 (38)a 1/2 (50)
  Nausea/vomiting/abdominal pain 0/29 (0) 3/8 (38)a 1/2 (50)
  Gastrointestinal bleeding 0/29 (0) 1/8 (13) 0/2 (0)
  Joint pain and swelling 0/29 (0) 1/8 (13) 0/2 (0)
  Shortness of breath and/or cough 0/29 (0) 1/8 (13) 0/2 (0)
  Congestion 0/29 (0) 0/8 (0) 1/2 (50)
  Headache 0/29 (0) 0/8 (0) 1/2 (50)
  Night sweats 0/29 (0) 0/8 (0) 2/2 (100)a

  Splenomegaly 0/29 (0) 1/8 (13) 1/2 (50)
  Ascites 0/29 (0) 0/8 (0) 1/2 (50)
  Pleural effusion 0/29 (0) 0/8 (0) 1/2 (50)
  Pericardial effusion 0/29 (0) 1/8 (13) 0/2 (0)
  Renal failure 0/29 (0) 0/8 (0) 1/2 (50)
  Bone marrow myelofibrosis 0/29 (0) 0/8 (0) 1/2 (50)
  Paraneoplastic pemphigus 0/29 (0) 1/8 (13) 0/2 (0)
Abnormal laboratory values
  Decreased hemoglobin, No./total No. (%) 0/15 (0) 7/7 (100)a 2/2 (100)a

  Hemoglobin, g/dL, median (range) 13.4 (10.8-14.5) 8.4 (5.2-10.6)a 8.7 (8.3-9.0)a

  Decreased MCV, No./total No. (%) 0/15 (0) 5/6 (83)a 1/2 (50)
  MCV, fL, median (range) 84.3 (78.1-94.0) 64 (56.1-76.6)a 75 (67-83)a

  Leukocytosis, No./total No. (%) 1/15 (7) 0/6 (0) 1/2 (50)
  Leukopenia, No./total No. (%) 0/15 (0) 1/6 (17) 0/2 (0)
  WBC, x 103/μL, median (range) 7.63 (4.5-10.99) 6.79 (3.23-8.45) 11.3 (9.8-12.7)a

  Thrombocytosis, No./total No. (%) 2/15 (13) 4/7 (57) 1/2 (50)
  Thrombocytopenia, No./total No. (%) 0/15 (0) 1/7 (14) 1/2 (50)
  Platelets, x 103/μL, median (range) 268.5 (204-574) 485 (75-746) 352 (83-621)
  Elevated ESR 4/8 (50) 6/6 (100) 2/2 (100)
  ESR, mm/h, median (range) 16.5 (1-37) 96 (28 to >140)a 116 (100-132)a

  Elevated CRP, No./total No. (%) 3/6 (50) 5/6 (83) 2/2 (100)
  CRP, mg/dL, median (range) 1.0 (0.1-4.8) 11.37 (0.06-17.15)a 25.6 (24.1-27)a

  Hypoalbuminemia, No./total No. (%) 0/5 (0) 4/6 (67) 2/2 (100)
  Albumin, g/dL, median (range) 4.4 (4.1-4.6) 3.3 (2.0-4.1)a 3.0 (2.7-3.2)a

  Elevated IgG, No./total No. (%) 0/5 (0) 2/6 (33)b 1/2 (50)
  IgG, mg/dL, median (range) 991 (892-1431) 1,004 (655-13,744) 2,605 (1,180-4,030)
  Elevated IL-6, No./total No. (%) 1/2 (50) 1/2 (50) 0/1 (0)
  IL-6, pg/mL, median (range) <10 (<5 to 15) 41 (5-77) <10 (<10)

CRP, c-reactive protein; ESR, erythrocyte sedimentation rate; MCD, multicentric disease; MCV, mean corpuscular volume; UCD, unicentric disease.
aSignificantly different compared with asymptomatic patients.
bTwo values determined >1 mo after excisional biopsy, and both remained elevated.
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fevers; this patient had localized nodal and retroperitoneal 
masses in the region of the right common iliac artery at the 
site of bifurcation of the external and internal iliac arteries. 
Although she underwent a staged full excision of disease and 
was treated with rituximab and daily intravenous immuno-
globulin, she eventually succumbed to her disease 8 months 
after her diagnosis. Of the 2 patients with MCD, the patient 
with TAFRO underwent biopsy only, but after 3.5 months 
and treatment with high-dose methylprednisolone and 3 
cycles of cyclophosphamide, his symptoms resolved. The 
patient with iMCD underwent a 2-step full excision; within 
3 weeks of the second surgery, he had recovered from all 
symptoms.

Histologic Features of CD in Asymptomatic and 
Symptomatic Patients

❚Table 3❚ lists the histologic lymph node features of 
the asymptomatic and symptomatic patients with CD. 
All asymptomatic and symptomatic cases of UCD were 
classified as the HV subtype. In general, biopsies from 
asymptomatic patients with CD were more likely to con-
tain the “classic” features of HV CD including atrophic/
regressed germinal centers; concentric lymphocyte rim-
ming (onion skinning) of mantle zones; hyalinized blood 
vessels radially penetrating germinal centers as lollipops; 
and multiple regressed germinal centers per mantle zone. 

❚Image 1❚ demonstrates these histologic figures. ❚Image 2❚ 
demonstrates other less common features seen in typical 
asymptomatic CD including arborizing mantle zone vas-
culature and cauliflower floret germinal center remnants. 
Perinodal fibrosis and interfollicular histiocytes were seen 
in both asymptomatic and symptomatic patients with 
CD. Biopsies from patients with symptomatic UCD more 
often demonstrated foci of hyperplastic germinal cen-
ters ❚Image 3❚, whereas those with MCD contained more 
interfollicular plasma cells ❚Image 4❚. Because the sympto-
matic UCD cases lacked significant plasma cell prolifera-
tion, they could not be classified as mixed or PC subtypes. 
Interfollicular fibrosis was more commonly, but not sig-
nificantly, increased in symptomatic patients.

Discussion

Comparison of the histologic features of asympto-
matic vs symptomatic CD demonstrates that those biop-
sies or excisions from patients with symptomatic disease 
have less classic features of HV CD, which typically in-
clude atrophic germinal centers, multiple germinal centers 
per mantle zone, lollipop-penetrating vasculature into 
germinal centers, concentric onion-skinning mantle zone 
lymphocytes surrounding germinal centers, and an 

❚Table 3❚ 
Histologic Features of Asymptomatic and Symptomatic Castleman Diseasea

Asymptomatic UCD (n = 29)

Symptomatic

UCD (n = 8) MCD (n = 2)

Pathologic diagnosis, No. (%)    
  Hyaline vascular 29 (100) 8 (100) 0 (0)
  Plasma cell variant 0 (0) 0 (0) 1 (50)b

  Mixed 0 (0) 0 (0) 1 (50)b

Hyperplastic germinal centers present, No./total No. (%) 6/29 (21) 5/8 (63)b 1/2 (50)
Atrophic/regressed germinal centers average score 2.48 1.94c 0.75c

Multiple germinal centers/mantle zone average score 1.88 0.63c 0c

Cauliflower florette germinal center remnants present, No./total No. (%) 40/29 (14) 0/8 (0) 0/2 (0)
Lollipop formation present, No./total No. (%) 25/29 (85) 1/8 (13)c 0/2 (0)c

Atypical follicular dendritic cells present, No./total No. (%) 6/29 (21) 1/8 (13) 0/0 (0)
Mantle zone onion-skinning score 1.88 0.88c 1.00
Arborizing mantle zone vasculature present, No./total No. (%) 10/29 (34) 1/8 (13) 0/2 (0)
Interfollicular vascular proliferation score 2.14 2.19 2.00
Interfollicular plasma cell proliferation score 0.09 0.25 2.50b

Interfollicular histiocyte proliferation present, No./total No. (%) 7/29 (24) 4/8 (50) 0/0 (0)
Interfollicular fibrosis present, No./total No. (%) 18/29 (62) 7/8 (88) 2/2 (100)
Perinodal fibrosis present, No./total No. (%) 12/29 (41) 3/8 (38) 2/2 (100)

MCD, multicentric disease; UCD, unicentric disease.
aAtrophic/regressed germinal centers, lollipop formation, arborizing mantle zone vasculature, interfollicular vascular proliferation, interfollicular fibrosis, and perinodal 
fibrosis all include hyalinization. Score represents semiquantitative score by pathologists (0 = absent; 1 = mild amounts; 2 = moderate amounts; and 3 = present in 
abundance).
bIncreased compared with asymptomatic patients.
cDecreased compared with asymptomatic patients.
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interfollicular vascular proliferation. In this study, the 8 
lymph nodes from patients with UCD had fewer classic 
features, except for the interfollicular vascular prolifer-
ation, compared with our cohort of 29 asymptomatic 
UCD patients. In fact, many of these patients with UCD 
not only lacked regressed germinal centers but instead had 
hyperplastic germinal centers. In some respects, despite 
being classified as the HV variant and being unicentric, 
they histologically had slightly more mixed features and 
some similarities to the 2 iMCD patients in this series, 
but most lacked significant plasma cell proliferation. In 
addition, these symptomatic patients with UCD also had 
some symptoms and abnormal laboratory values (hemo-
globin, MCV, ESR, CRP, albumin) similar to those with 
iMCD, although those with iMCD had greater degrees 
of most of these laboratory abnormalities. However, 5 
of 6 symptomatic patients with UCD with follow-up had 

symptom resolution with excision alone, quite typical of 
HV UCD.

All 8 of the symptomatic UCD patients in our cohort 
had the main site of lymph node disease located internally 
compared with 86% of the patients with asymptomatic 
UCD, for whom disease was located peripherally. Their 
peripheral location may have led to earlier medical atten-
tion than those with symptomatic UCD. This time dif-
ference is supported by the increased length of time from 
mass detection or symptoms to diagnosis in those with 
symptomatic vs asymptomatic UCD. This difference may 
also have provided more time for lymph nodes to further 
enlarge, pathologically alter from the more typical fea-
tures of HV CD, and produce more cytokines to lead to 
symptoms.

Symptoms in UCD are often associated with mass 
effect, such as mediastinal masses leading to cough and 

❚Image 1❚  Castleman morphologic features more often 
present in asymptomatic cases. A, Atretic germinal center 
surrounded by mantle zone “onion skinning” is more often 
seen in asymptomatic cases of Castleman disease (×100). 
This case also demonstrates a high interfollicular vascular 
proliferation score. B, A vessel penetrates the mantle and 
germinal center forming a “lollipop,” a finding also more 
common in asymptomatic cases (×200). C, This enlarged 
mantle zone contains multiple atretic germinal centers, a 
finding more common in asymptomatic cases (×100).
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shortness of breath and mesenteric or peritoneal masses 
leading to abdominal pain.2 Only 2 of the 8 symptomatic 
patients with UCD in our series had symptoms that could 
be directly attributed to mass effect, with the remaining 6 
demonstrating more systemic symptoms including fever, 
fatigue, and weight loss. The percentage of UCD patients 
with systemic symptoms (6/37, 16%) in our cohort was 
greater than in some adult cohorts1,9,10 but less than in the 
pediatric cohort of Sopfe et al,4 in which 8 of 18 (44%) 
UCD patients had systemic symptoms, and at least half  
of those were classified as HV CD. Similar to the cohort 
reviewed by Parez et  al,2 those with systemic symptoms 
more frequently demonstrated internal or visceral mass 

locations such as mesenteric and retroperitoneal lymph 
nodes. However, our cohort is the first to separately an-
alyze laboratory data of asymptomatic and symptomatic 
UCD. Our investigation identified increased laboratory ab-
normalities in UCD with symptoms, including microcytic 
anemia, elevated ESR and CRP, and hypoalbuminemia. 
These findings are not surprising because fever, weight 
loss, and other systemic symptoms usually correlate with 
increased inflammatory markers. It is unclear if  the symp-
tomatic patients in the cohort of Sopfe et al also correlated 
to those patients with more abnormal laboratory values.4

Although it has been shown that IL-6 is produced by 
lymph nodes involved in CD23,24 and that IL-6 production 

❚Image 2❚  Less common morphologic features in asymptomatic and symptomatic Castleman disease. A, This expanded 
mantle zone contains small atretic germinal centers and an arborizing vascular proliferation (×100). B, The large right upper 
mantle zone contains multiple atretic germinal centers, forming a cauliflower floret pattern (×40). C, Perinodal fibrosis was 
prominent in this case (×20). D, Interfollicular histiocytes can be seen in this case (×200).
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can increase systemic symptoms, not all cases of CD are 
associated with increased IL-6. Of the 5 patients in the 
current series with measured IL-6 levels, only 2 were in-
creased. Similarly, only 33% of the tested patients in an-
other pediatric series had increased IL-6.4 These lower 
percentages may have been related to the lower numbers 
of MCD cases in pediatrics, as one larger scale study 
encompassing all ages of only iMCD cases identified 

57 of 63 patients as having elevated IL-6.11 Therefore, 
other cytokines and inflammatory markers must lead to 
increased symptoms in these IL-6 normal cases. This is 
supported by the finding that approximately 25% of cases 
treated with siltuximab, an IL-6 inhibitor, had no thera-
peutic response.10 Other cytokines have been implicated 
in CD including IL-1 (with therapeutic response with 
Anakinra treatment)25,26 and vascular endothelial growth 

❚Image 3❚  Castleman morphologic features more often present in unicentric symptomatic cases. A, This patient with 
unicentric Castleman disease (UCD) had fevers, fatigue, anemia, and slowed growth demonstrated hyperplastic germinal 
centers in his lymph node excision (×40). B, This symptomatic patient with UCD and fevers, joint pain and swelling, abdom-
inal pain, and anemia had increased interfollicular fibrosis in her lymph node biopsy (×40). C and D, This patient with UCD 
died of paraneoplastic pemphigus. Histology demonstrated markedly expanded interfollicular regions comprising lympho-
cytes, numerous histiocytes, fibroblasts, plasma cells, and immunoblasts, with marked mantle zone regression; ×40 (C); ×20 
(D). Flow cytometry did not identify any abnormal B- or T-cell proliferation. Immunohistochemical stains showed that most 
interfollicular lymphocytes were CD3-positive T cells, and the numerous histiocytes were highlighted by CD68 and CD163. 
Plasma cells were polytypic, and Epstein-Barr virus-encoded RNA in situ hybridization was negative.
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factor.27 However, most of these cases studied have PC 
CD, whereas most cases of UCD are HV subtype. As 
such, more studies are warranted to determine what in-
flammatory cytokines may be differentially expressed in 
UCD vs MCD and in UCD with and without symptoms. 
It is possible that these increased inflammatory markers 
either directly or indirectly lead to altered lymph node 
morphology.

Genetics may also have a role in the difference between 
asymptomatic and symptomatic UCD. Recent studies 
have identified genetic mutations in FAS28and PDGFRB29 

in a subset of UCD patients. An additional study iden-
tified copy number variants in HIST1H genes, PTPN6, 
ETS1, and TGFBR2 in cases of UCD.30 Stone et  al31 
identified an  IL-6 receptor polymorphism present with 
increased frequency in iMCD compared with a healthy 
control population, and these patients had higher levels of 
the soluble IL-6 receptor, potentially leading to increased 
IL-6 activity. As such, underlying genetics may lead to in-
creased susceptibility to develop symptomatic disease.

This pediatric series of CD is the largest reported to 
date in the United States. As reported previously, most cases 

❚Image 4❚  Castleman morphologic features in multicentric cases. A and B, The symptomatic patient with idiopathic 
multicentric Castleman disease demonstrated the plasma cell (PC) variant by morphology (×20) with reactive germinal 
centers (A) and numerous interfollicular plasma cells (B, right side of photomicrograph; ×200). C and D, The patient with 
TAFRO (thrombocytopenia, anasarca, fever, reticulin fibrosis of the bone marrow, and organomegaly) had lymph node mor-
phology demonstrating mildly atrophic germinal centers (C; ×40) with moderate mantle zone “onion skinning” and abundant 
interfollicular plasma cells (D, right side of photomicrograph; ×200).
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of pediatric CD are UCD with HV pathology, representing 
75% in the series of Sopfe et al4 (78% of which were HV) 
and 87% in the series with literature review by Parez et al2 
(of which 54% were HV subtype). The lower percentage of 
HV in the series with literature review by Parez et al may 
be caused by reporting bias of PC cases in the literature. 
Our cohort was composed of 95% UCD, all of which dem-
onstrated HV morphology. The 37 UCD patients in this 
series also slightly differed from the literature by including 
a substantial percentage of cases involving the neck (69% 
of symptomatic UCD and 54% of all UCD). Most prior 
series, although predominantly in adults, have reported 
high incidence of cases in the mediastinum, up to 86%,17 
with cases in the head and neck representing up to 29%1 in 
other series. A large pediatric series reported that the most 
common site of disease was the head and neck, affecting 
44% of the UCD patients,4 and another literature review of 
pediatric neck CD identified substantially more of the HV 
subtype in its cohort (28 of 29 patients).3 As such, pediatric 
cases may be enriched in head and neck locations and HV 
morphology. Also similar to Sopfe and colleagues’ pediatric 
cohort,4 no cases of HHV8- or HIV-associated disease were 
identified in our institutions.

The patient with UCD and paraneoplastic pem-
phigus deserves special mention because this patient was 
the only one who died of this disease, and these biopsies 
prompted our investigation. Paraneoplastic pemphigus 
occurs in 1.3%-7.0% of CD1,9,19—even up to 32% in 1 
series from China32—and is most commonly associated 
with HV UCD,1,6,9,32,33 although some series demonstrate 
rare cases of mixed-type UCD9,33 or mixed-type MCD.32 

In fact, CD is the most common cause of paraneoplastic 
pemphigus in the pediatric population.34 Despite a full 
excision, rituximab, and daily intravenous immunoglob-
ulin, our patient died, similar to published cases.33,34 
Histologically, this patient demonstrated a predominance 
of atrophic germinal centers, regressed mantle zones, 
and a marked interfollicular expansion of small lympho-
cytes, histiocytes, plasma cells, fibroblasts, and small ves-
sels. Onion-skinning mantle zones were not prominent. 
❚Image 3C❚ and ❚Image 3D❚ demonstrate this atypical his-
tology. This interfollicular expansion was the most dra-
matic of all symptomatic UCD cases, and it was the only 
case with mantle zone regression. It is unclear if  the spe-
cific dysregulated humoral and cellular autoimmunity 
factors that lead to paraneoplastic pemphigus35 also di-
rectly affect the lymph node architecture or initiate a cas-
cade of factors that lead to the altered architecture.

Both patients with iMCD demonstrated systemic 
symptoms and increased abnormal laboratory values, 
similar to prior literature.1,8,10,36 The lower percentage 
of  iMCD cases in children compared with adults has 
been reported previously, with only 11% of  iMCD cases 
occurring in those younger than 19 years in 1 review,8 
and only 25% of  iMCD in the pediatric CD cohort of 
Sopfe et al.4 In our series, the patient with iMCD had 
plasmacytic features, whereas the patient with TAFRO 
demonstrated mixed features of  CD. Our patient with 
TAFRO also warrants further discussion because this 
disease is quite rare in children, with a reported me-
dian age of  50-57 years,14,15 and this patient, at age 13, 
could quite possibly represent the youngest reported in 

❚Image 4❚  (cont) The κ (E) and λ (F) stains show polytypic plasma cells in the lymph node biopsy from the patient with TAFRO 
(both at ×40).
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the literature. His disease was consistent with typical 
TAFRO, having small but diffuse adenopathy with the 
largest focus measuring only 1.8  cm. This small size 
markedly decreased the median MCD lymph node size 
because the other patient had multiple lymph nodes 
ranging from 3 to 14.5  cm. The patient with TAFRO 
also demonstrated renal failure due to TMA, a rare but 
only recently reported finding in pediatric CD.37 Cousin 
et al37 reported 4 adolescents, all older than our patient, 
with renal failure in MCD caused by TMA; it is unclear 
from their report if  these teenagers met the complete 
criteria for TAFRO; although they all had more than 3 
TAFRO symptoms, lack of  hypergammaglobulinemia 
and small volume lymphadenopathy were not reported.

This study has limitations. In this series of 39 pediatric 
patients with CD, only 8 were classified as symptomatic 
UCD. A larger number of cases would have led to stronger 
findings. In addition, the histologic features were only graded 
subjectively in a binary or semiquantitative fashion; the re-
view by 2 board-certified hematopathologists was performed 
to help decrease any variability. This study was also limited in 
that it was retrospective, and not all patients had laboratory 
values analyzed, again, possibly decreasing the sensitivity of 
our analyses. An additional analysis that compared all UCD 
patients with any abnormal laboratory values with those with 
normal laboratory values would have been educational but 
was not feasible given the number of unknown laboratory 
values in some patients. Clinical information was also incom-
plete for some cases that were submitted to the 2 institutions 
for consultation. Furthermore, follow-up was documented in 
only 24 of 39 patients (62%), with variable lengths of time, 
not allowing long follow-up analysis for relapse.

Conclusions

In this large pediatric series of CD, patients with typ-
ical features of HV UCD tended to have more peripheral 
disease and lack many abnormal inflammatory signs and 
symptoms. However, those patients with HV UCD who 
did have symptoms demonstrated less classic histology and 
more reactive findings, including reactive germinal center 
formation. As such, pathologists are urged to carefully 
correlate with the clinical presentation when lymph nodes 
show reactive findings with subtle Castleman-like features 
to make sure a diagnosis of symptomatic CD is not missed.
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